DESIGN AND OPERATION 
OF THE 
BLOCKING OSCILLATOR 
CLAUDE HERMAN WELCH 
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ABSTNACT 


The blocking oscillator is defined os an osetle 
lator which is operating internittently, the tine of 
oscillation lasting either severe) eyeles or a portion 
ef a cycle, and repestine itrelf at regular intervals 
by self or externsl triscering, Fased upon this do~ 
finition, two types of blocking oselliators exist, 
although only one of theresthe single swing tyreele 
usuilly referred toe as a blocking oselllator, 

The operation ef the miltiple swing (self-pulsed) 
blecking opeliiater and of the single swing bloeking 
eselliater fo considered in detail, ‘The explanation 
of the operation of the multiple ewing tyne is dew 
veloped directly from the normel feedbeck oselllator 
theory, The explanation of the operation of the single 
ewing blocking oectliater ie then inferrad fren the 
extension ef the qultirle ewing blocking oselliater 
operntion plug the simplified mthematics developed to 
expinin phenoemenn observed ty experiment, Thus the 
operation of the device commonly referred te as the 
Bleeking oretllator is explained by stertineg with the 
normal feedinek osefllater theory ant online with 
inferamtion based uron expertnent, 
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& ii 
Applications of both types of blocking oscillators 
are givon, Brief reference is nace to desicn consider+ 
ations for the miltiple swing blocking oselliator, The 
design of the single ewing Dlceking oscilleter is taken 
up in greater detafl and the effecte of its eireult 


parameters on ite operation are given, Throughout, 
illustrations ere used freely, 
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The purpose of this paper is to ive e qualitative 
explanction of the cperation of the blocking oselllator 
and to show how design paranetors affeet its cperation, 

The explanation of ite operetion will be develop- 
aa from thet of the normel feedback osetllistor by proe 
eoeding from thie oselllator to the mitiple swing 
blocking oseiliator end then to the single swing blecke 
ing osellinter, The effect of design paraveters will 
be shown by design eongiderations and simplified seathe~ 
maties introduce’ to ald in the explienntion of the oper. 
ation, 

Many deseriptions of the operation of the bloeking 
oseillator have been given, Some of these descriptions 
rest toe strongly upon the action of the RC peraliel 
cozbinetion In the erid etreutt, preetionlly Lenoring 
the effect of the feedback transformer, Cther deseripe 
tione are not cleer as te the part the regulating action 
of the RC grid combination pleys in the operation of the 
bloeking osellletor, 

By staying close to the fimdementels of the ope 
eration of the normal feedback oscilistor it is believed 
that a more balanced deseription of the eperation of 
the blocking oseflllator ean be ¢iven. In naaition, the 
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effect of changing design parameters to wary the cute 
put of the blocking oselliater will aprear logiesl, 

In taking this spproach one gheuld net ignore 
the differences between the norms) feedback oselllater 
and the blocking oselliater, There are taportant 
aifferences, In en exmet mathemetical aralyeis these 
differences eculd not be overlooked, If they wore not 
considered one sould be led to an erroneous result, 
For example, in the analysis of the normal feedback 
oselllator one my neflect the grid muah aed still 
arrive at theercticn] reeults consistent with preetienl 
results, Obviously the crid current in the blocking 
opelllater cannot be ignored for to do so is to render 
the blocking oscillator inoperative completely since 
ite operation depends upon the flow of ¢rid current 
during the pulse period, 

Other 4ifferencen between the norms] feedback 
oscilletor ant the blocking oselliater which could net 
be neglected {nelude; a) the shape of the tube chare 
acteristics over the operating vangee, b) the range 


( ) mimbere tims indiented refer te core 
responding rmaumbers of the attached bie 
biiegraphy, These references con 

more detailed information, 


of grid voltages over which operation takes place, 
@) the changes in tube “constants* during operation 
and, 4) the transition tines involved in going fron 
sero to saximun output. 

These differences are of such importance in the 
oxact matheneticn] analyeies that, even though a reason= 
ably accurate analysis har been siven for the noranl 
feedback oseilietor, to date a complete snthematient 
analyeie ef the bleeking oscillator har not been civen, 

Sines this paper ts to be of s qualitative meture 
the exnet effect of these differences will rensin un- 
assersed, Instead, an effort will be wade to draw 
upon the considernble amcunt of confirmed theery of 
the normal feedback osetllater to explain the operas 
tion of the blocking onellintor while, at the seme 
tine, drering from the recorded expericental faete 
portions of the explanation not to be correctly ine 
ferred from the reguler feedback cecillater theory, 


TRE RCAWAL PREDBACK OSCILLATOR 


A waewm tube ts eald to be in an oscillatory 
state when it fe converting Ded power in the plate 
cireult into AC power avelleble from the ovtput 
ciresit, with no externe] AeC inrat of emy kind into 
the elroult, 
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The conditions necessary for oselliation sre 
well) known, These conditions ares a) feedback of 
sufficient mngnitude from the output te the input to 
overeone etroult losses, and b) fecdback of sveh phase 
that tt will aid, or be in phase with, the voltese in 
the grid or input cireuit, 

In order that these conditions be oct three 
separate fonctions mst be performed by the “a 
tube and ite aesoclsted elreuit, These funetions are: 
a) empifying, b) enplitete istting, ante) ftiterines 
These funetions sre necessnry and sufficient for the 
operation of e feedteck oscillator, They are fllustrat- 
ed in the "closed" block dingram of Figure I, ‘The ane 
plifier portion moet overcome the losses of the sytten; ~ 
thet is, output mst exceed input. The filter includes 
any end 411 deviees used to insure that the output hes 
& definite frequency, It includes 2% networks os well 
6s high ¢ tuned clireuitse, The liniter determines the 
level at which sustained opeillations are generated, 
Thie fonetion, es well as that of anplifying, is often 
secomplished by the weeuum tube, 

Teas the question of whether ea cirenit will ose 
elliate involves the effleleney of the elrevtt---the 


ancunt of feedback recuired to overcome lossep---tho 
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tube onployed and the operating potentials on the 
tube, Grid bias voltere has « definite offect upon 
the once of starting oselllations, If the initiel 
impulse is #0 email) thet it ennnot cance a variation 
in the plate clireuit because the ¢rid bias is too 
high, osetllattons will not start automs tically. 

For econparison purposer later on in the paper 
the operntion of the feedback oscillator shown in Fig- 
ure IT will be explained in some deteil, This partie 
Gular feedback oscilictor te ehoosen beceuse of the 
similarity of the cireuit te thet of the blocking os- 
eciliater, (%efer to Figure I%,). 

When the esthode is ener: ised Conres te 
the piate, This means that a rising current fs inie 
tiated in lay because plate current inerenses as the 
cathode heats up, Ginoe lp ia inductively ecupled to 
Iq @ Voltage is induced in Ig, 

There is no fixed bias on the grid and at the 
outset ite potential is sero, Therefore, & small 
voltage on the grid will eause an inmedinte chance 
of plate current, If, for instance, the voltage 
induced in Ig is positive, thia positive voltae 
appearing at the grid will omuse a further increase 
in the plate current, This inerease in current 


‘t ee ae a ee eee Ait aera | - 
wif oe aE TR, ite Ry ate 


CO a a Sena a ate 
904 $e S900 waa ets Ot aE onan 
pee agg aaa Ooo at Labsnadey ett geudtre 
ea ee ee 


¥* 


hastens the expansion of the field about ly inducing 

@ still grester positive voltage in lg making the grid 
more positive, thereby continuing to inerease the plate 
current still further, This cylie process continues 
until some limiting value of plete current 1s reached, 
Then the plate current ean no lenger increase as rapide 
ly there wil) be lees voltage induced in lg. The vole 
tage on the grid thus reaches a caxinunm and begine to 
decrense, “ith the grid less positive than before the 
plate current begins te decrense, The ungnetic field 
about Ly becine to collapse and a voltae of opposite 
polarity is induced In Ig. This decreases the «rid 
Vvoltare which, in warn, decreases the plate current 
even more, This cyelie process continues until the 
plate enrrent decrease is nexligibly small, At this 
point no voltage {ts induced in Lg and the grid returns 
to gero potentials the eycle then repente, 

This completes the feedback action of the transe 
former bat no reference has been made to the tank elre 
euit section of IgSg in the grid clreuit, 

When a voltage is indeed In Ip the capacitor Ce 
is charced up. hen it has reached ite enpacity it will 
alsecharre through Le setting up an osellletory currente 
Since Ce charges snd diseharces in first one direction 
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and then the other through lg the frequency of the 
oscillatory current depends upon the values of Ig 
and Co. If, however, the enersy were not replenished 
onee ench cyele by the feedback from Ly to Lg the 
oscillations would die out, 

While the two separate actions detalled above are 
taking pines sti? ® thirt aetion is golng on simile 
teneously, This ies the regulating action of the Rp, 
coubination in the grid eirevit, A negative bias is 
produced on the ¢rid by this combination in the followe 
ing manner, With the initial excitation signal at such 
® frequency thet C, offers little impedance to it, the 
Signal bypesses R, end is placed upen the grid, Dure 
ing positive signa) alternations the grid draws current, 
This DeC flows in the external ectreuit fron cathode, 
through Lg and Ry te the grid, By the voltage drop 
through Rp, the rid te nade negative with respect to 
the eathode, This voltace places « charge on the cone 
denser Cae Daring the negative portion of the signal 
Voltece the enpacitor cy attempts te discharge through 
Rg» The rate at which discharge tekes place depends 
upon the values of R, and Cg. The greater the product 
RgC, the longer it will take for the discharge, This 
product is ecnlled the time constant. The time conretant 


is usuelly unde large compere to the poried of one 
cytle so that the charge on the condenser Cg dees not 
fell off eppreeiably during the time ef one crele, 

4n inereate or decresee tn plate current is ree 
flected at once {n 6 change in the exeltetion voltare 
indueed in Ig. This is followed by an ineresee or dee 
crenen in the mri¢ bine which opposes further chancee 
of the plate current tn the sane direction, Thus the 
erid bing, which te determined by the values of Ry and 
Cee exerts & regulating action upon the plete current, 

In this feedback oselligter the tube sets as ean 
amplifier end, {n contunction with the AgGp eireult, 
a6 @ limiter, The tuned clreuit in the grid eipreuit 
acts as the filter, Also, the mgnitade of the feede 
beck is reguleted by the fpf, combination subject to 
the fixed coupling of Iy and lg, The phase of the 
feedback is properly deternined by the connection of 
the grid to the appropriate ond of Les 

With regard to the remulating action of the Rglg 
combination, let 1t be exposed that Og is too lenge, 
It will then take considersble tine for ite charge to 
leak off through Rg. The grid will be insensitive to 
@ sudden change in the averare plate current, The 
tube, having a laree negetive bing, will cease conduct- 
ing, Oselllations will stop, They vill not start 
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again until the grid is restored to a vwlue of bias 
that will permit some flow of plate current, That fs, 
oselliations will not agzin tare place until the cape 
aeitor Cy has had tine te diselarce through Rg to e 
sufficient point shere the grid bins is low enough to 
pornit oseilistions, Go, the mite at which ovelliae 
tions are interrarted depends upon the produet Aglg. 
This ection is the equivalent of sodelation ef the 
generated RF, voltace, and is often referred to as 
self modulation, It in also often referred to ae ine 
ternittant operntiong an osellintor operating in sueh 
e fnehien being known «s an intersittent or blocking 
oseciliator, 
The eriterion for : nodulation ef an orelllator 

” rien ferth by Edson employing a Fyquist dine 
eran wherein a plot of the veetor ratio of outpat to 
input modvlation fs made, The Nyquist eriterion is 
thus modified by Edeen eo es to indliente whether a pare 
tiqular unstable system (an cselilator) hes or lacks 
etabliity ae te self meduletion, As usual in the 
Nyquist diagram, if the loeus ef the end point of this 
voetor encloses the point 1 $6 Ja tneteabiiity is indie 
ented, Instebtitty in this case moans thet the og~ 


elliatione are unstable and thet the system will 
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generate a self modulated econtinons mve, Figure ITI 
{illustrates the tyres of loel that are obtainable core 
responding to stable, condittonally steble and unstable 
conditions, 

fo obtein @ locus sueh se ts shown in Pigure ITI, 
the oselllater efrenit te opened and connections are 
mode es shown in Figure IV, The test senerntor supplics 
@n suplitade modulated mvo of low frequency and emm11 
amplitude te the cecillater, This modulation is transe 
mitted through the auplifier, the filter and the Limiter 
to the test detector, The input my be teken from the 
test soneretor and the output from the test detector, 
These are beth vector quantities and their mstios will 
be @ vector, It is this vector thet is plotted te 
give & lecus sueh se is shown in Figure ITI, 

$o if one wishes to know whether a ¢iven esclilia« 
tor fs egubjest to intersittent operstion, 1% my be 
@otersined, Furthermore, if thers exists a blocking 
(internittent) orelllator one miy use this seheme to 
Geternine the reliability of the operntion beeause if 
the plot encireles the 1 $ Jo point by o wide margin 
then operation ae & blocking oscillieter is aseureé 
while, if it enciroles this potnt closely, marginal 
oreration i¢ indicated, 
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Tt should be noted that this scheme fs prodicated 
upon having es blocking ovetliator physieniily avalinble 
for test, It doen not, therefore, cive specific deo 
eign information to one who seeks te design a blocking 
eselliator, That ts, it is a tert measure mther than 
@ desfen monsire, 


THE BLOCKING ONCILIATCA 

an oscllictor which is epernting interalttently 
fe eslled a blocking oselliator because during the 
tise when no oscillations nre taking place the flow 
of plate current is “blocked” by the hich necatiw erid 
bins. 

This phenomenon should not be confused with an 
ontirely aif fopgnt phenomenon which 1s also referred 
te as “bleoeking’, In the latter phenomenon the erid 
is driven extresely resitive, and "blocking" takes 
place due to grid current reverse) caused by thermal 
or seconfisry onisaion from the arid, This trse of 
Wlocking is very injuricue to the tube and ony destroy 
it. 

The blocking oselliater hes been defined tn war~ 
flow ways, Some authors Iiniiente thet ft fe 2 aise 
tinctly different devices others define tt as a pa 
Jam t ton re, others ar an imoclee PE... 
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and still others define i an oeeciliator 
with intermittent orere nessa} 

pa genes ay oan AROSE 
able becnuge it refers to the theory of operation of 
the device and not to {ts use, This definition is 
here taken ee being correct, It har teen civen pree 
viously tn the first pece of thie paper, 

After defining the bleoking oselliator in this 
my, it may be claesified as te its use or orerstion 
in a civevit,. For inetence, a driven blocking ose 
eillater my be omployed in a eftrecit as an impulse 
generator, Purthernore, this definition does not 
exclude either of the two basic tyres of blocking 
oselliators: 1) the multiple ewing (selfepul sed) 
blocking osetlintor and, 8) the single swing blocking 
oscilistor, 


THE MULTIPLE OWING (SELPePVLO"D) PLOCKING OfCILLATOA 


Definition 

The miltiple sewing biecking oselliator is not 
ususlly the device one hes in ainé when speaking of 
® blocking oselliator, It doos fell within the de«W 
finition and the explanetion of its operntion, which 
has alvendy been alluded te, logteally follows from 
that of the normal feedback osellintor, 
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It fg called the multiple swing blceking oeclile 
lator because the plate current must ewing through 
several high frequency oseclliatione before tho bins 
om the grid goes fer enough negative to cut the tube 
off, It f# alec referred to ns the self«puleing blooke 
ing oscillator beemuse ite outrut fe a series of pulees 
of high frequency energy, the pulse reourvence rate 
being determined by selfecontained soxronents of the 
eiroult, Ry and Cpe 

In thie oscillater intersittent operntion, which 
was undersirable in the norm] feedtadk oscillator, 
is purposely obtained by msking the values of Ry and 
C, eo larre that the oselliator eannot oselliate cone 
timeusly, By choosing the velues of Ry and Cy, the 
palses of high frequeney energy way be sade te cccur 
at a desired rate. Tims 6 "fault" of the norual food+ 
tack ceclllater is converted inte a desirable function, 


OFrEMA TION 

Yor the exclamation of the opermtion of this ose 
otliator, reference is arpnin made to Pigure TI, In 
this fieure, ropemi the volves of fy and C, as having 
been chanced from the rrevious volver te some values 
corresponding to a desired pulse regurrence frequency, 
The opemstion of the feedime: traneformer and thet of 
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the 1 C combination in the grid efreuit fe the sume 
ne detailed above for the normnl feedback oselllator, 
The operation of the Rgl, combination ts atrrerent, 
hewever, Two explamtionse of thie setton are given 
in the following paces, 

Phen opeillattons begin in the plate etrevit, 
throagh feedback to the grid elreutt, a positive vole 
teze is piseed on the grid, The erid drevs evrrent, 
A DeC voltage drop is produced scross Ry and Cy is 
charged toe this voltage, Since Cy, reeeivas more 
charge from each eyele of feedback voltage than it 
loses throngh Re during the ovele, = nogative charce 
begins to seevmulete on the arid and the tntensity of 
oseiliantion decreases, Cg receives sore charges than 
can leak away during eneh eyele becnuse the Ag, tine 
constant is so high that C_ eannot diseharee rapidly; 
the grid therefore stays at a ares negative biae 
evon though the plate current, end hence the feedbeak, 
is decreasing. 

Thus the regulating action of the erid-leek cone 
Genser conbdinetion does not operate rapidly enough and 
the oscillations die out, fince the high neeative bias 
is retained on the grid until such time as Ce discharges 
through Rg, oselilations will not start seein until 
Ce hes discharged suffictentiy to allow the grid bias 
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to become low enough for the amplifying action of the 
tube to start the osclliations, 

The mnetion of the fglg combination tn producing 
the regulating ection of the ¢rid ie Lllustrated 
in Figure ¥, Figure VI fliustretes in detail the belide 
up of the negative voltae on the grid through the 
changing action of the hich freqneney cecil lintion foode 
heok fron the plate to the grid cirevwit by the trente 
forzer 1, Le. | 

The regulating action in thie craclllater my be 
explained in another way, This te with reference to 
the conductanes of the plate ofreuit, To follow this 
explans tion, reference should be made to Pigurea VII 
anf VITI, In the discussion to follow, ¢ ts the cone 
duetance that a generator would see If coupled to 
pointe A and B, Piqure VIT, In Pigure VIZI the solid 
gurve cf conductance ve amplitude represents an ofe 
eflintor in which the grid bias fe dependent upon the | 
amplitude eof the oselliationes, Poelnt P represents a 
point of oscillation since at this polnt the “negative® 
yeelestance Guo to feedback into the erid clrealt exacte 
ly equals the “rosttive" resistance, The conductance 
fg then zero, Furthermore, rotnt ° is « stable op- 
erating point on the solid curve beonuse es the ame 
plitude tneresaser the conductance chances, due to a 
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chance in grid bias as explained for the normal feede 
teek ssetliator above, am! the amplitude of osctliations 
is decreneed by this action time returning to potnt P, 
A sinSlar explanation holds fer reduced anplitade, 
Stability about point P ts indfented by the tro arrows 
érawn slong the soli4 curve pointing townrd fF, 

Binse the multiple swing blocking osetliater fs 
not & stable osciliatore-«le, stable in the sense of 
continuous hich frequency ceolllationsee=1t does not 
follow the solid curve; instead 1% fellows such 6 
curve as the dotted one, Yith reference to this curve 
point P is ne longer a potnt of stable equilibriun, 
Consider for exnaple that there {is o sudden decrease 
in the amplitude of oselllations, There is nor very 
Little change in grid bias, due to the delayed ree 
gulating ection of Rp and Cg, so that this decrence 
in amplitude of ore ‘Mations eontinues, It contimes 
until peint X is reached, at which time eonduction in 
the tube cenees, At this reint, since there if no 
flow of plete current, @@ 1/8). As previously stated, 
when Ce has discharged sufflelently the grid again ale 
lown the tube to coniuet, The cordnetance begins te 
Gearesse with ineres sed feedback and as soon as it 
agein reaches point P osefliatione are initiated and 
the evele repests, 


1” 


It might eaprear at first that these two explenne 
tions of the regulating setion of AgCg contradict 
each other, Such is not the enre because they both — 
éepend ween finite chances tn the amplitude of ose 
eiliations ané in the grid bles, Now then, one might 
ask, con the inereese in avplituce of hich frequency 
oscillations shown in Fieure VI between points J and 
K be reconciled with the action set forth by Migure 
VIIZ¢ This ean be reconciled as follows! point J in 
Figure VI corresponds to point P in Figure VIII as 
oscillations are initisted, The conductance is going 
negative, henee orellistions say incresse slightly, 
By this very tnereare in amplitude of csctlletions 
the grid acquires a grester negstive bier which tends 
to limit the inerense im amplitude momentarily and to 
Gecrense the amplitude theresfter, ‘fointe KF on Figure 
VI end Y on Pigure VITY correspond te thin point of 
taxioun amplitude, From this maximum value the transe 
ition is made quickly teek threugh point PF on Fieure 
VIII, which correrponds to potnt I on Figure V1, and 
the oselliatione quickly die out, 

Sone obfection sey bo mde te the saesunption thet 
finite changer take plaee in the aztplitude of ompellia- 
tions and grid bies. Such objections may be velld for 
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it is probable that it is not necessary to asgume & 
finite chance in amplitude or grid bise, Hoverthee 
less, a decrease in anp)itude decreases the grid bias 
(refer to Figure V1 to the right of point 1), A dife 
ferentie] change in amp) itude is not, however, accon- 
panied by a sudden finite rete cf decrease of grid 
biss, These objections could doubtless be answered 
in the exact metherrtice] snalyeis very easily by the 
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In the qualitative diseussion it is imoorsible to pers 
form sveh an operation, so the eblections mast stend,. 
Tt ts not uncommon to find in the literature explanae 
tions of phenomena civen qualitatively br finite 
chances while mathematically these finite quantities 
may be replaced with the scre exnet differential quane 
tity. This linitation on the qualitative anslrsis 
need not limit the understanding ef the sectunl oceur 
rences ae set forth shove, 

The nearest approach to an exact me themntiesl 
anmhiyeie of the ahove operation so far produced its 
that by van der Pel. Bis anelysie wee not mede for 
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directly applicable to Figure IT without considerable 
modification, Me doer co into the matter of anp) itude 
Letting, "negative" resistance by feedback, and varle 
ation of the wevefora of the output with chances in 
the BC, time constant, Ne writes an equation of the 
RAieatti type and solves it by a partially annlytical, 
partially graphical method, The graphien] portion ts 
known se the methed of twoclines, From this work, 
since {t is shown thet the maxisum steady state ampe 
litude is alesys the seme regardiers of the shape of 
the outmt weveforn, {t enn rersonsbly be inferred 

thet the maxinun amplitude of the mitiple ewing bloek« 
ing osellilater vould rernin etendy regardless of the 
leneth of the sulge or the time between sulece, Also 
from this work it may be possible for semecne to find 
& rotnt of departure for the analytics) analysis of 
the opernttion of the oultirle ering blocking oselliater, 


DES TON 

The desicn of such an oreillator omy be carried 
eut in a manner anslegous to that fer the norsel feod- 
beck oscillator, This design, it will be recalled, 
follows thet for a clare C pover owiitie” Although 
an exact get of elireuit parameters cnmnot be obtained 
an approxivation ag clore as desired may be obtained, 
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(12) ‘ 
The contour chart showing conditions for an oscillator, 
{llustrated tn Figure IX, yields part of the necossary 
design information, Fron it, one may deternine whether 
blocking (or self«yuleing) is apt te take plnce, If 
the exeitation line and the 2; line do not intersect — 
contizseus osellletion is impessible, Tho two lines 
may fotl to interscet because of severn] reasons, one 
of thom being beesuse the grid bias becomes too creat, 
When the grid bias recedes townrd gero the two lines 
intersect and osciliations again tere pines until the 
grid bias separater the ines, thus repeating the eyele 
of palsing. Ae can te seen from studying Pigure IX, 
thie intermittent operstion may be accentuated by doe} 
erensing the excitation ratio or by decressing Aros 
mm this figure, 
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where Bp fs tho magnitude of the plate voltage 
Py is the power delivered to the lead 
Fg is the driving power supplied to erid 


fs the tyalent resistance of the 
*to load sireeit 


Having designed the osciliater for intersittent 
oreretion, one may them beild the oscillator accormiing 
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to this design and check its eperation by Edson's 
mothed, previously referred te in this paper, | 


APPLICATIONS 
The miltiple swing blecking oscillator hes seen 
considerable ute in electronic equipment explored by 
the Arned Services of this country, It hav nost often 
been used in radar and IFF equipzent as a relfepulsed 
transnitter, In this capacity it functions as a hich 
frequency oscillator, s modulator and PAP conerator 
conbined giving forth periodic bursts of 2,7, enerry. 
PS. FPR ©: See oe Kae eye AD eee 
ing oecllintor used ac a PRP generator, The cireuit 
osellintes at aboot 2 megncyoles rer second and the 
PRP (Pulse Recurrence Frequency) is variable from about 
80 eyeles per second to 6,000 cyclen rer second, 
Other arplientionr fer this esclilater are its 
use as a demodulator in superregenerntive receivers 
and as an andie frequency sodulator in certain radioe 
sonde equipment. 
The wee of the miltirle swing blocking oscillator, 
elthough consideradie, is not noarly so extensive as 
is the use of the single swing blocking oscillator, 


amet rumen savenavel nat Vie 
" a mae 


+i andar rey ads sms ont oe iad ra ais en ae 


x 


\nnieanuh ieacnateces 


te he ee Bee Ye ie eRe : 
wathee atigebe md? to parr ony 22 _ 


_— - th on tlh iy gga & ‘ +. a ‘| fs or F itt 
PPAR? Fite ae & 2 es, ee Aa bP Pap eb geoben 


TH, SINGLE SYIFO BLOCKING OSCILLATOR 


GENERAL 

The uses of the single swing blocking oscillator 
will be deferred until later on in the rarer after its 
Gesicn and operation heve been censidered, The tore 
ledge that this orelliator has many end varied uses 
will explain te the reater why it ms bean the subsect 
of vo much experimental study, It will explain, too, 
the rengon for considering the eingle swing blocking 
eeciliator in detail, Yet, while these things are exe 
plained, it may cause hin to ask why an enalytical 
amlysis of the operetion of this ieportant device has 
never been mde, The question as to why such an analye 
sig has not been made will rexain onanevered but the 
ansver will surely be indiented tn part when the 
reater views the eonplexity of the operations whieh 
must be anelyzed, These operations are considered 
qualitatively, with mthenaties being intreduced only 
after simplifying sesuzptions heave been oede, 


DEPINITION 

The single swing bloering esetllator is se eslied 
heesuse the plate enrrent ewines throuch only e single 
pomitive half ervele before the crid bias coos so far 
negative thet the tube ie out off, 
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QUALITE T3ve nase op orn rrr 

By referring to Pigure ZI and the weveferne showm 
in Figure XIY the following brief account of the operne 
tion of the free running blocking onctliater may be 
followd, Consider the ¢erid biss to be at the entoff 
yolue and eoing lose nerative due to adischarre of the 
onmeitor C., Plate current is initinted and a magnetic 
fielé wallds up shout 1, inducing « voltare tn Lge 
This volterc is impressed upen the arid through Cy ond 
the grid thereby raridly beeomrs more positive. “hen 
the erié goon positive with respect te the onthede, 
arid current flows ari « charre ie sccusMlated on the 
carseiter C, with the negative polarity connected to 
the «rid, After a time the plete current reaches sate 
urationy the menetic field about 14 cearee to increase 
end no Voltage is indueed in le, “ith no voltare ape 
plied to it the grid is lese positive then ite previous 
value and it therefore decrenser the plate current, 
This decreasing current through 1, changes the polerity 
of the veltege iInduesd in the erid emi of Ly; this 
Yoltace now sterts swinging negetive, ‘Vith this “negme 
tivesgoing" yoltace aerrlied to the erfid the plate 
eurrent is sharply reduced, In turn, the voltege ine 
duced in ly by the current change through Iq is sharply 


reduced, Thier comilative action centinues until the 
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eri¢ ie ériven woll beyend entoff, Pate current 
conses to flow and wil) not again flow until the bisa 
maintained on the grid by Cg ie reduced sufficiently, 
by the discharre of Cg through Rg, to allow the tube 
te condnet, 

Fron thie brief resume of the operation one ts 
inelined to regerd the present cireuit and ite cpera- 
tion as en extension -«f the multiple ewing blecking 
oseiliater where the tuned eireult damping ts crade 
welly ineressed persitting fever and fewer raedio«w 
frequoney eycles to be exeeuted during each pulse, 
Actually ag will be seen Inter, the extension tne 
been pushed sc fer thet the rhenomens have taken on 
& somewhat different character, Purthersore, the 
waveform of the output te qeite different fron that 
of the multiple swing onetlintor beesuse only one 
*frequency® is involved, that being the pulse reeure 
renee frequency. 

In view of theese chancee it ia appropriate to 
inquire inte the causes which produced them, ‘eferre 
ing buek to the above resumé of the operation it ta 
found that: a) the efrouit acts es an oscilintor 
even though the energy omtrut consiats of palees, b) 
it hae feedteck from I, to Ig Just ss the miltiple 


swing blocking oseilintor does, ¢) {t exploys a grid 
leak and econienser combination for erid bias, a) the 
eriad is pericdieally ériven considerably positive and 
then far beyond ectoff in a manner similar to that for 
the smltiple swing bleeking onclllator except that the 
grid bins changes rore per pulse of plate current in 
this case, ith these similarities existing, one is 
able to esin considerable tnetght inte the operation 
of the single swing blocking opeiliater, Bot, to exe 
Plein the ehange in operation in going from the mile 
tiple aving blocking eselliator te the single swing 
bloeking eselliater and why the ovtmt waveforns attfor, 
other fnete are required, 

In preeceding from the normal feedback oscilla» 
tor to the multiple sring blocking osellletor a changs 
in the values of 3, and C, tock place snd this chenee 
of velues secounts entirely for the chanre in cperse 
tion in going from the norms] osclllater te the mile 
tiple eving blocking osellister, In the present trane 
sition, however, the change in operation ia not due 
entirely to chences in the values of 2, and Cp. 
Rather, it is more due to the inereceed inductance of 
the feedback transformer, ite aistributed eapnettance, 
ané the close coupling of the slate te the grid cireuit 


through this transformer, It showld now be noted that 
the trensforuer in Figure XI is an tron core transtorme 
er while that of Fieure II is an air core treneforner, 

Although it te diffieult to prove anmlytiesliy 
that changing the values of 8, end Sp, and changing 
the feodteck transformer from an air core to an fron 
core secounts for the chanced operation, experizent 
has gubetantieted thie fact, Tt ie to these experle 
nontally recorded fnets that one must turn If *proof* 
te required, From theve recorded data one may, however, 
glean considermbly cere inforention than fust this 
"*proof”, Me is able te deteraine the effects of 411 
parte of the clrenit upon the shape of the output 
waveform anf ts able, therefore, to pick more intellt- 
gently the typo of tube, the transforser, and the vile 
ues of R, and Cy, to fulfil) specific desten require» 
nents, In s4dition, the fins) gape in the knowledge 
of the operation of the single eving blocking oseiline 
tor are filled, 


DLTAILED THEORETICAL (QUALITATIVE) ANALYSIS OF OPERATION 
Before resorting tc informtion an! theory teed 
upon experinent another theorstios}] explanation of the 
operation of the single blocking oselliater will 
be given, In this explanation nore details are broucht 
out and, in partiqular, the feedrack transformer, with 
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tts iron core, and the RgGp condination are cons léered 

in come detafl, Certain assumptions are involved, The 

validity of these sesunptions will ta discussed following 
the explenntion, 

Refor te Figure IZ, and muke the following ace 
gunptions: @) that the voltece on the grid condenser 
remains essentially constant during that portion of 
the cycle of operetion represented between points A 
and D on Figure XIII, b) that the transformer Lyle ts 
an iden) transformer with no leskare tnduetance or 
capecttance, and ¢) thet the effects of interelectrode 
capacity are negligible, 

Consider that the condenser voltace bas maine 
tained the tubs cut off and éecrensen so that current 
starts to flow, A voltage, ipftr, thon appears seross 
iy and in turn & voltage, (lp R. . if added to the arid 
eireuit in a direction tending to increase the plate 
current flow, The condenser voltace is, 

2) Ceg=[ Ry + nner wa he + 0 Ru lp 
whore lp is the plate current 


l fe the current in the «rid loop cone 


P ie the transformer ratio 
Rp ia the plate resistance 
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R, phi C and C, are as shown in Pigure Il,. 
Approximately, 


2) Co, -. Rg ¢ +0 Rt bp 


3) Ceg = —eg +9 Re bp 


A petnt ts eventually reached where a chance tn grid 
volterce is more than conrensated for by a chence in 
the voltage across Ip. This can be seen by differente 
inting equation 8), 


where 

&) 1? Se uh .u p* 
Rp Ry. * Rp * Re 

Also, 


or, from 6) 
7) dt, = Ce P 
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Bquating 7) and 4) 
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Equation 9) shows thet the chance of grid voltace 
during the time when no plete current flows, the cone 
aition pestuloted at the berinning of this paragrash, 
ig in a direction opposite to thet of the erid voltace 
itself, In the absence of plate current, 

10) 0 9 m = oO 

and then 


1) dey . 1. Raa 

dt Rs 6 

Tras, if the voltage ; is negative, the rate 
of change, 7 « 28 positive ani the veltece on the erid 
is time wade lees necative, As the erid voltace gocs 
less negative and plate current etarts to row, the 
tem 09. Kk, 18 no longer zero tut taker on & finite 
Velue and partislly eaneels the other term, From this 
theory 5 tende to becoxze infinite ne the two 
terne in the dencuinetor of 9) appronch equnlity, Acte 
ually 46 never arorosches infinity boosuse of the 
interelectrode carecitance, It docs, hovever, become 
vory large an! explains why the ¢rid voltace swings 
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violently poritive, Preeseding now with the explans- 
tion of the operation reference is mde to Pigure XIII, 
wherein the peth of the operating point is show on a 
plot of @, vs C, «+ The drop in grid dies pricr to — 
comiuetion of the tube takes place between pointe A and 
B, Since no plate current flows until peint B is reache 
ed the path up te thie point is vertical, Age coniucte 
fon begins the plate voltage becins to drop, This is 
shown by the curvature beteeen points Bani C, As the 
quantity (/— Pg. Ru d, part of the denominator of 
9) soos to zoro and then swings negative the cpersting 
point moves instantaneovsly toward potnt 2 nlong a line 
whose slope is cr » This Mine corresponds te the 
operating path of the norm. feedieok opciliater, Even 
though the axplifieatton, 09. Ri drone below unity 
again, the operating point preeeeds to point DP where 
the following loadeline condition is satisfied: 


12) Fee = “pR oe 80 + Op 


In this equation Cp is the plete voltage at which bg 
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With the eria rapidly reaching the highly roeftive 
value at point D, grid voltece drore sharsly to coro, 
point F, The tube ceases to conduct and the sharp dee 
crease in the plate current rapidly driver the plate 
Voltage upwerd and, by feedback from ly to Ip, drives 
the grid voltege fovneard well past outeff, The operate 
ing point moves quickly baek to point A alone the line 
Pet with a slope rs e The condenser Cy slowly loses 
ite charge agnin throuch Rg, the erid beeenes nore 
positive and the evele repeats, 

Ae for the wmildity of the assumptions node above, 
it hes been seen that the interelectrote onpacity cane 
not be neglected antirely for than an Infinity results 
in oqustion 9), Thie ngewaption ts therefore velld 
over only « limited portion of the cycle, The condle 
tion that the voltage Cc, mennine substantindiy con= 
stant over that portion of the cyele between points A 
and D may be closely approxinsted if C, te very such 
greater than the interelectrode cayneltenee and if I, 
Lg appronehes an ideal transformer, Og is normally 
Very large eonpared to the interelectrode capacity 
bot the ideal transformer can only be approxi=nted, 
ChvLously Ces cannot netually be constant for, if it 
were equation 7) would go to sero and the eyole would 
not repeat, 
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DBven in thie oversinrlified mathematical treate 
ment 4ifficultior apresr, In the exact onthemticnl 
aralysis further cifficulties would be encountered, 
Cortain 4ifficultios having to do with non linearities 
involved in tion oselliaters are covered in 
Minorsky's beok, any of the difficulties pointed out 
by Uinersky evidently apply direetir to the single 
eving blocking oscillator althouch this osellleter is 
not specifically snalyzeé by Minorsky. %e coeneral 
rules of procedure are set forth by ‘inorsky on hew 
the emet anmilysie of the single ering blocking of- 
ellister say be carried ont, It appears thet writing 
an equation of the van der Pol type and solving it 
by the faoeline nethod base the most promise; at any 
rete, it would be a starting point, Portunmtely, howe 
ever, on exact methemetical analysis is not required 
because of the experisentea! work thet bee bean done 
end the theery developed to explain this experinentel 
work. 


TYPES OF SINOLE OFIEG BLOCKING CC ILIA TOAS 

Zt will be noted in the above deseription of the 
oparmetion that the action teking place repeated iteelf, 
Sines conduction of the tube =s automsticaliy cut off 
and on by its nesociated eirenit, witheut the annlication 
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of an externmn) trigrer pulse, by: - Amen ewing bloeke 
ing oselliator ie ontied an astabdle blocking oscillator, 
It is more commonly referred to on the free running 
blocking onellinter, “Sueh en osellintor may have a 
emall voltace applied to the erid of the tube so thet 
the tube fe mnde to conduct an instant before it would 
norunlly conduct; the device ie then eslled 4 synthe 
ronized setable blocking oselliater, If the action 
in such « atronit as Fimare XT does not repost iteolf 
because the grid is maintained at a bing beyond cut 
off, by fixed bias, an extern? tri¢rer pulse must be 
eprifed to drive the tube into conduction; it is then 
enlled « monoetable Moeking oecillater, It Le nore 
Commenly called a driven blocking osctilator, Thus 
far, cieenssion bas heen centered around the free 
running (asteble) blocking osclliater and this wil) 
gontinue because {It in the most freners] of the three 
tyres referred te above, 


SENIeMATHEMATICAL THMEONY OF OFZNATICN BACKD UPCH EXPLRIMENT 
Turning new to the theory of operation based upon 

observation of the cutout mvoforn, the action of the 

free running Dlocking osetlistor a down inte 


three separate tat contiguous actiong, This analysis 
ie queliteative and senlemthemstien! in natuem and 
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involves the setion teking place during: &) rise of the 
gilee, b) the top of the pulse, ¢) fell of the pulse 
or tail of the pulse, Certain assumptions and approxie 
sations are invelwed but, from the mathematics here 
presented, one is able to obtein quantitative infornne 
tion on eirecit parameters not available in other 
analyses. 

Consider the eetable blecking oselliater of Figure 
XI, Sote that the voltere ratio between plate and grid 
ig «1 since the dot end of Ig is connected to the grid 
while the dot ond of lq is comnected te the power source; 
the dot refers, as usual, to the ond of Ig thet is 
positive when the dot ond of 1, is positive. 

In omer thet linesr differential equations say 
be written and their sclution obtained bs the IaPlece 
transform opermt ional method, the plate resistance, 
dp » nd the anplifiestion fhetor, u 4 of the tube 
will be considered constant during the part of the 
pulse under tomediate consideration, 
Ra Dine of the tulneestnce J, I the initin? eale 
ealstions the following einrlifring areunptione are 
made: a) that Ay ia gore, bd) thet the effect of leaknce 
inéuetanee {8 negli¢ible compared te A, ¢) that C is seme, 
emi d) thet the plateeto-erid camsettence Cop «= OF tho 
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tube is neglicible, With these aesunpttons the equle 
valent oireuft of Picure KI is given in Figure XIV, 

Tn thie fiqure Cy te the effective distrituted cansct« 
tenes of the traneformer and Eg is the bine voltage 
whieh is given by 

mM Fo = €eo + € 

whero Eg, is the eutoff bias and € is & vanishingly 
gm) positive voltage, sufficient in megnitude, howe 
aver, to initiate rezeneration, Now let 

18) C,, = |C, - Eel 

and the equivelent cireuit of Pirure XIV ony be further 
simplified to that of Pigure XV, Appiging Firchhoff's 
voltageslaw to Figure XV, write 


16) Ri +d {ede = 4405, +€ 
Co 
(22) 


Using the standard notation of Gerdner end Barnes where 
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ang noting that the Initia) veltare on Op is sero, the 
Iaplace transform of 16) ts 
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From the ficure it in seen that 
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19) Cy, (t) ef d 


and 
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Gubetituting @1) into the richt side of 10) 
22) [R te ee) ee ee Pe ee 
CoS Cro S$ S 


Solving for T (s) 
Ys 
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Subsetiteting Z(s) from 23) into 29) 


83) Zs) 4 


en 
m4) 4,05) = ‘a : Cos s[R+t-(1-4)/ sail a te 2 


Since it hes boon esrumed thet the plate resistance 


is sero the change In plate voltage is civen by: 
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8) Cy (t) = — 4 Cy (6) 
or 

We fobs) = +44 &y (4) 
go that 


a7) E+ (s) ‘ wae 
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Sow taking the tnverse laplace transform of 97); 
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In 88) if 4 >/ the exponential term te positive and 
regeneration takes prince until [Ce.| =Eye » His 
here eseumed that when the outmat voltare, -@C, in 
this ease, ie equal to Fee sae hecomas Jess than 
+/ end regenaration stops. Further, if it is assumed 
that during the risa F¢, = KM /E..) + wast suddene 
ly becone loss thany / at the instant Cy, > /£2,/ » 
This necessitates 6 modification of the equivelent 
circuit the instant C, pressed throuwsh zoro going posie 
tive becavee of the flow of erid current, Thin podle 
fication can be meade qoite rendily because of the shove 
assueptions thet enuse |C, |= £;, at this tnstent and 
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A more reniietic aseunption with regard to the 
averare value of during the pulse rige would bes 
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C, , is @ positive grid voltege at which “1 begins 
to chance abruptly from areater than + / te # value less 
than, /. Uvon thie more securate assumption, as 
simple as it appesrs, introducer such eemplication thet 
@ linenmr solution in armmiyticn] form is diffteult to 
obtein, 
Geno Die--Comiition A, ‘To intraduce the offects of Tz, 
the leskne tnduetance, contider the equivalent cireult 
shown in Figure RVI, Yor this figure, the laplace transe 
form of Kirehheff's voltage equation ts 
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Now neing 89) areain 


88) F, ( a PESUrr TY 
4, (8) buCe S [5 § +L(L ia) I 


antnod tar an ett te ois 


Meet soker 0 09° 4 ah 


| amp ghey 4 


eiteu ging 


ees “se "0. she sttrnoet leah . 


aa se BPs 


a hh eh) fe ts 


rat ai yee wae: | 


wit Soe ey ES 
SRP. wher et aes “Ste 


pees? Wal 


pe PE BANE E sie eee Ui gomes 


Tits my be rearranced thus 
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Again veing ®5) and 26) 
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The inverse Iarinee transform of 75) is 
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By the use of 36) the inverse larisce trangforn of 


84) ts, 
37) Cy (t) = 
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37) cont'd, 
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Kow if u >| the first exponential tern in 37) hee eo 
positive exponent and rerenesstion occurs. By use 
of the brrerbolie functions 37) sey be rowrltten 
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The outrut of the génerntor is given by 3) until 


Cy. | a Exe » when it in aseamed that 4 mxidenly te- 
cones less than+/ ond | GJ levels off at the top of 
the pulse, 
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Sondition B, ‘Tho special contitions that 8 is 
gmat enough and Ty, and 4. large enough so that 


29) ae >> (ie yi 


then tn equation 34) 


and equetion 58) oay be uritten 


aa) Ce (t) se a > coh{  )* é/ 


In thie special ease 44) giver the outpet of the fen} 
orator during the rise of the pulse, 

Gose It, Now to stady the efreutt in Figure XT when 
C ie not equel te zero and 8 fe so lerre that its effect 
ie negligible compared to that of ©, In this ease, the 
effect of “» in conetdered, There are 812 included in 
the equivelant cireuit of Ficure XVII, 
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Following the sane schon ss in the two previous cases 
write: 


A + ihdS + w § L. )} Tos) = Ez, G =a 
ay | +p #2-S)] dake ihiede ihe + ee he} 


and 
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This smy be rearranged in & manner amlogoeus te the ree 
arranging of 3) im the ferm of 3), After this ree 
errangement equations 35) and 56) again held there 
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In omer that one of the exponential terns in 36) have 
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a positive exponent, «x or Y mast be negative, It is 


necessary thet seme con ition be fmooged upon the 
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quantity L(+ ode i= tn ~ and/or yY since 
o = 
ia te positive and becomes negative when «¢ "** 
1S 


is written, Clearly a positive exponent is obtained 
from thie portion of ~ itn 46) if, 


C Co 


or 
6) “4 > c ae 
Since the effect of vr, ie boing considered; Ie, Ap #0 


P 
8) @e(t) = —Uu eg, (+) + ¢te) Ap 
and 
68) Ex (s) = —u“&yls) + TG) arp 


Referring to 46) which, Mike 47), any be rearranged 
in @ senner sinilar to 35) and to 47) the Iaplece transe 
forn of °9) takes the form 
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oni Q.5o amd yY are given by 42) 
fhe inverse Iapiace traneferm of 53) is 
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Two special cases of this general aolution for 
Cage III are of interest, 

Sonéition J. ‘The time constant ~« {fs determined 
primartily by Cp and A» « Then equation 49) fs rewritten 


ne L(t ‘ > 
[apr ts +g, te = ME, Cs) +E = MIG) + € 


and 46) becomes 
67) Z(s) = — 
slsti(e + Sy] 

and 47) becones 
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and this takes the forn 
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let 
ona % = al et Co sa) 
The inverse Ieplace traneforn of 695) is 


-Xt -~¢¢t 
om Cz (t) = 2 (1-€ J+ Gi 


Veing 62) and the values given by 61) 
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63) C(t) = e pM ‘ Md EC 
C(z >A) = Co TB Raley 


Equation 63) ie an expression for the voltae during 
the rise of the pulse when the time constant is detare 
nined primarily by 2p and Cp « Referring to the axe 
ponential term, the quantity (+ + i=) mast be ne 
gative for regeneration, Thie tern can be negative 
amy if fe ot for A> Sxl The anount 
that the quantity — / wii 4iffer fron the Minite 
ing value — is aventios by the value of Cp (xu is 
assumed a be relntively constant over the portion of 
the cyele under considerstion), The preduct of the 
negative quantity t+ + I-A = ) anf giver the positive 
exponent required ie hedeadenbtides “Ine mgnitude of 
this product depends upon the veluen of A, and Cy prine 
arily since the magnitude of (-£ +t) depends upon Op} 
the value of C enters ar a limiting factor, 
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Sondition 1%, The time constant x is determined 
primarily by ly and Cp. In this case 
64) A= -Y 
and equation 85) becores 


65) Celt) = -a(4.-4 coh vt) + Y dunk ¥ t 
and using the velues from 48) where the terns involving 


=? are set equal te sero so that 64) is satisfied, 
& 


66) C(t) = coe /- a a 
C(H-1) -Cp 4s [: Co 
Mp Fs m0 Cp te 


With the time constant ~ determined primarily 
by the factors indlented in condition rt, above, the 
rise of the pulse ig given by equation 66), 

Ze. zon af the Pulge, “ith the rise of the pulse 
conpleted the behavior of the eirouft ie now deseribed 
for the top of the pulse, Thin is the period of time 
in which the top of the pulse is reletively flat, Tt 
will be reealled that ». is assumed to be greater 
than + / eo beng es the magnitude of the ovtput is less 
than £4; and Cg 20 » Ae soon as the magnitude of 
the output recehes £,,, . is avouned to become less 
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thant/ « |Ce| , bowever, is sseuned to remain equal 
te Ee, wnti2 Co = Oo » Again an equivalent cireuit 
fe sande for Pigure XI; this eqeivalent ecfirevit is shown 
in Figure XVIII, noo again, simplifying assumptions 
are mece, 

There essuxptions are: a) that the initial vole 
tare on C, woth me £., at the berinning of the rise, 
fe st231 £,,, d) that the initie? current in L, 4s 
negligible, ¢) that the effect of I; my be neglected, 
With theee assunptions two conditions my be considered, 

Seose t, ° fe so large thet the pulse te termine 
ated by 1, above, Neglecting the current through Ag 
a simple 82 elreult results and 
67) Ce(t) = -Ett € % 


Ginee there ie ne appreciable voltace devoloped 


seross ¢, 
and 


69) - soe Wee 

Now when Cg= 0 » from 63) 

i ae 

and 4 onee more becomes > + / and regenermtion 
agnin tekes place, this tise however, cutting the tube 
off, 
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Se then one may write, using 67) and 70) 
- 42 f., 
1) yd = Se ts 
where 7', ie the maximum mise duration that thie 
pulse traneforner cirevit enn profuce, Solving for 7. 
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indassthe'oe hin Sehaudintrtaig agminntions sade the 
aetuel pulse width would he less then indfeated by 72). 
Samat. Lp is lance, the offect of Sp is nee 
@ligitie when C,>0 anf C fe so sual) that the duration 
of the polge fc deternined by ©, “ven though enmmll, C 
mast be larce enough to hoer the Inftial voltage value 
at the beginning of the top of the pulse, Eco. 
Sith the switeh elesed in Meure XVITI 


73) Cy (t) = ( Eee —-/£eo/ ) Ag E (4g t ple 
Ap +%q 


So then Co 7o ané @ very anni) current riso in tb, 
4s sufficient to uke C420 tims tormsinating the 
pulse. 

The saximum sulse duration in this care is given 
aprroxicately. 
74) 7m = (Ap + 2g J c, 
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aie tallof the Duss, The behavior of the clreutt 
@aring thie time mey be considered in two parts, The 
equivalent circuit 1s as shown in Pigure KIX, ‘The 
firet part of this netion involves thet portion ef the 
pulse where the grid voltage preeseds to ite oaxtmm 
negative value from ite initial value of £.., It 
ig here assumed thet C is finite and honce that the 
pulee actually bee a fiat top end vory littie osciliae 
tion on the tall, The variation of Ce depends during 
this time upon the cireult parameters shown in Fieure 
XIX as well as the initinl charge on Cp and the initial 
current in 1. It showld be noted thet the eirenit 
hag proceeded to recenernte to enteff from the potnt 
at the end of the top of the pales where Cy = > « 
That is, at the outset of the firet part of the final 
action Co ses 4 

Whtle the variation on C, could be detorsined by 
writing the equetion for the firet part of the finn 
ection, thie variation ie of sm12 Interest compared 
te thet of C. during the seconé part of thie final 
action, This second pert of the action involves the 
discharge of ¢, through R, from its walue when Cs is 
at ite saxicum negative value to ite value when Cs =z Ecos 
If the voltare across C at the ber Innine of this part of 
the fins] action {ts denceted by Yor thie value usually 
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being about -0,5 te -0,4 Ecc, then the voltage 
across C at any time thereafter until conduction again 
starts is given by 


ae = Et ie BF) Rie 


and 

76) Ca 3\/C4)+ Ce 

Equation 75) ts the ordinary tyre of RC disecharre equne 
tion an? the time of discharee onn be controlled by the 
Values of Rand C, This shows mathemntically that the 
time interval between pulses ie determined by the RAgCy 
time constant as has previously been asserted qualitne 
tively, In the onare discussed above where the pulse 
duretion ig primarily deterained by Cy (the top of the 
pulse CaseII) it is now apparent that the pulse requre 
rence frequency ts deternined largely by the woluce of 
Re and Cy, Since the tine interval between pulses is 
always dependent upon Ag and op and in this case the 
G@uration of the pules, ac 11, depends largely upon Cpe 
Thies has neglected the tine of rise and time of fall of 
the pulse, There is the condition where the tine of 
Pisae-sconiition I Case IIT, Mise of hilse~-eks nore 
dependent upon Cg than any specific eiroutit parameter 
tat even then the effect of Cy le sinor compared to the 
effect of Cy. (Refer apoctfically to the exponential 
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tern of oquation 63), In any case, the tine of rise 
end fall of the pulse are sep) compared to the tine 
of the pulse plue the time intervel between milses, 
The implication here is not thet the tine of rise 
and tine of fall cannot be Jarre tut that, in practice, 
they ere not usually large, That in, eireuit parameters 
are used which male the pulse rise and fell sharply. 
& brief look at the equations representing the behavior 
of the circuit during vise of the pulse will reves) 
that in every case the culse transformer ie involved, 
Tn some enses Cp, the distributed capseity of the transe 
former, appears without 1,4 fn some eases both appear, 
Likewise, & brief reference to the portion devoted te 
the tall of the pulee wil] show thet the transformer 
paraneters are involved in how the instantaneous plate 
voltace wries after the pulse itrelf tas terminated, 
Purthersore, the transformer parameters are tnvolved 
not only in the rise and fail of the rules bet In ite 
@uration (refer te equation 67), Thus, it ie borne ont 
ttt the operntion of the eingle sawing Dloeking orcile 
lator, as it atffors fron the miltiple ering Dlceking 
oscillator, depends te & erent extent upon the fron 
core transformer and te some oxtent urcn the wilues of 
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Throughout the entire 4iscussion of tho single 
swing blocking oscfllator the question of tube selee- 
tion ond desirable tube characteristice tes larrely 
been ignored, It hes been tacitly assumed that such 
a tube is exployed in the efreuits described thet will 
@llow the ciravits to operate as indlented, It is 
important to note thet a tricde is indicated in the 
ecirquit dingram for triodes are used in many applicne 
tions. It te the aim of the next section of this paper 
to discuss not only the design considerations of the 
pulse transformer and the A.C, combination but the tube 
requiresents as well, ‘Inge the output wevefom depends 
upon 221 of these, 


DESTOW COMBIDRAATIONS FOR SELECTION OF CIACUIT Courcmmts 


iiatulec Transforaer. In general it cun be said that 
the pulse transformer sust have both high and low free 
quency response suffleient to give the destred ovtpat 
waveform, The rates of rise and full of the pulse are 
deternined by ite high frequency response and the pulse 
@uration ty ite low frequendy response, eference te 
equation 44) illustrates that pulse rise depends upon 
dhiky ant Lt can be shom thet pulse fall depends 
upon Ip anf Cp, hile the shape of the pulse is now 
known to be dependent uren there prrameters of the pulse 


“<> 
a. 


A Wirt Mbithi oe | Sot Aa 


ated: ection seas “ayand onde sp Re ante hey Bg AM eat. 
fait Dae OF cy 2% Lemecon ot, guyaatanae, ania wat 
Fosse kind he ah tng mt, ats 
8, 8 0 EE ton one 3 aotes b sneere 
Byte teil sett parva steptonehemmanant 
as | ADRHEAET Yooeuet woe Ath yf motioned 


_ Maoned Lit oekeg Fatt wmode od op #8 tee cdall 
wan at eatin; ot? to eqada ett oftee sf tae gt coge 
Saket Ot Lo eretemmoy onedt ance Inedmeqed of Of mmradt 


ess 


a | Beppe: ae 


AGU, beened wet eatiny gest? nasentanst (Bh meltenps 


transforner, ms well as the other circuit paraneters 
and the tude, it {2 appropriate te ask how one would 
like to hove theese raramcters shape the pulse, | Th 
other words; what constitutes the ortinum pulse shoppe? 
Por any specific croblem at hand this quertion could 
be anewersd coneiselr tut fer the gonernl problem the 
ensver would be controvereisi, In generel a eoed pulse 
stape is a compromise among hich rate of rise, low 
overshoot, snel2 droop of the top of the pulse, high 
rete of fol) ani low tackewing voltage on the tall of 
the pulse, Along with rreducing « good polee shape 
the transformer should effect the maxima trenefer of 
enerey between plate and grid cireutts, Por a given 

4 . mulse duration, end Ry it has been found that 
misum energy transfer and food pulse shire result tf: 
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78) wars gains flow! inte core i 
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T a secondary 


Ry in the lend impedance (a resistance) 
Lt 1s the lenknge inductance 
Cp is the distributed capacity (effective) 
ly 6 the primary inductances 
Le is the uffective shunt Inductance (prisary) 
Re is the effective shunt resictance (primary) 
Ty fe the qurrent through the load 
¥y «8s the voltage across the Lond 

The design of the sulse tmanesformer Le approached 
with « view to approximating the eptinun design, rethor 
than achieving it emetiy. The oxeet method of approach, 
wherein ~ and @ are expressed as functions of the 
mumber of turns, voltage on the high voltese winding, — 
wire diameter, ete., ond(<+6)opt is mde & minimum, 
yields eptisum desicn tut the sclution of a high degree 
algobrete equation fa required, Rather than co through 
this isborlous proeceas, one may use the epiteria of Ta) 
end >) as constrnints upen the desigh and then omke an 
ettimmte tbaced unon experience and recorted experizental 
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Gate as to the optious flux density, mnber of tums 
or the core volume, The resultant transformer will 
then surely satisfy 77a) and b) end may eatiafy T7e) 
but it need not, If 1t does not cone near encuch to 
gatiefytng 7?) to give satisfactory performances, then 
a new estimate of Mux density, rusher of turns, or 
core volume must be made and again (+6) ot either 
nensured or celewlnted, This process is continued 
until the design ie found which satisfies, by neaeuree 
ment ae well as by calouletion, 77%), b), and e) and 
which operates satisfactorily in the intenfed elreuit. 

To carry out the above nentioned preesdure, suprose 
that a transformer with single layer windings for prie 
mary and secondary is te be sought; then, 
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63) Lp = 5” San henrys 

where 4 


64) UU te the seen perimeter of the cofl 
E the @lelectic constant of inevlation 
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84) Cont'd, 
A 1g the length of winding | 
JL ts the mean length of magnetic path 
A %@ the eore eross sectional area 


Je is an effective pulse permeability of core 
material 


4A ts the spacing between primary and secondary 
in centimeters e 


By satisfying 70), thet is, 
eu hie 


through the use of 81) and 88) it is found thet 


86) A = E 
371 N 


By setisfying 7»), that ts, 

on) P= Pope = VahpCo 

through the use of 61) and 83) it te found thet 
ee) 7 = i Me VE N? AW 


Assuming now that a specific type of standard core 
is te be used, or, if act, thet the volume of the 
core and type of material are aheven, all quantities 
in 86) will be at hand except V, 7 and Ke 4 the 
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quantity An ean be expressed as a multiple of one 
dimension of the core since, fer mintwam spece, the 

hole in the core showld be filled with the ecil and 

the hole in the cofl showld be filled by ome side of 
the core, The value of 7 will be dictated by the 

particular application and an approximation, at least, 
can be had for Ay from the intended eiroult, So then, 
the value of # my be computed from 66), 

The wire size te now chosen, Since the average 
power dissivration te uunlly negiipily sesll es far 
as perniseable tempereture rise is concerned, the — 
sise of wire is not eritical from the tenperature rise 
viewroint, The size is therefore chosen to give ease 
of winding keeping in wind the core window sise and 
the requirement that the winding rerictance be noglle 
gible eonpared to the load resistance, %, "ith the 
sine of wire deterstned,{ may be ealoulated. 

Uaing the value of { the values of A 9 De Ths 
and Ly may be ealewlated from 86), O21), Of), and es) 
respectively, Following this the quality design test 
may be made by calculation from ??e), which is: 


09) (% + 6 Jott Ee s & sininun 
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If the valve in 89) turns out to be too larve or 
if the transformer fails to opernte entiefactorily 
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the entire process may be repeated for a different 
core volume until a satisfactory transformer is ob- 
tained, 

In carrying cut the design of a pulse trensforner 
aveve, specific attention was given to the two salient 
characteristics of the transformer; its pass band and 
the turns ratio, In this design leaknge inductance 
and distributed capacity are functions of the dimensions 
of the coi) and the core and of the material of both, 
It was previously shown that the rise end fall of the 
pulse is @ function of Iz, Cp, and Lp, 

Certain construction features alse contritmte to 
& close control of the leakage inductance and distrib- 
uted capacity, The leakage inductance can be minimized 
by a large coefficient of coupling and as few turns as 
possible, Beth the orimerr and secondary windings 
should be on the snme coreleg; if both core legs are 
used the primary and secondary windings should beth 
be split and part of ench wound on both lees, For the 
maxinum rates of rise and fnll of the palee, single 
layer windings should be used, 

The eapacitance may be reduced by incressing the 
thickness of the insuletion between the windings or bee 
tween the windings and the core, This, however, increeses 


the leakage inductanee and the value of LC rem ins 
relatively constant so that the pulse shape is not 
affected crestly, 

In omer that the trensformer have good hich 
frequency resreonse, with the previston that the core 
does not saturate, a high effective permenbiiity is 
required, One method te increase the effective pore 
mesbility is to decrease the thickness of the core 
leminations, There is a limit to this since it is 
impossible to roll laninetions thinner than one mil 
without ursetting the crystalline structure of the 
steel necessary for hich permeability, 

& partionler construction feature that has bean 
foun@ to ineresse the pulse duration fe the insertion 
of an air gap in the core, The reason for thin ree 
ult ig not well understood, It may be reacommbly wel) 
explained by considering thet the core losses are quite 
high ond thet the I/A time constant is effectively ine 
creneed by decrencing 2 more then 1 is decrensed with 
insertion ef the afr gap, 

In general, if mxigon rmulse durmmtion is desired 
from a pertionler transformer a step down retio should 
be used, This porstts the use of nore of the available 
plate winding turns, thus inereasing the inductance of 
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this winding, In all eases, however, it ts neither 
possible nor desirable te use a step down in going 
from the plate to «rid, In certain cares the question 
of whether a step up or step dom is to be used may 
mon ehethnteuadiseh-adteadencee 

With low triodes, if maximum peak pulse 
ourrent ie desired the turns mtio should be adjusted 
so thet the plate output impedance te about equal te 
the grid input impedance; thie usually taplies a step 
up, With tetrodes, an the other hand, a step dom is 
required since the grid current becomes equal to the 
plate current at very low values of posttive erid 
potentinis, 

It te seen fron this that the operation ef triodes 
and tetrodes or sentodern tn the blocking opellistor 
cireuit is apt to be quite different, Thies is further 
brought out by considering the tube echarncteristias 
of @ triode section of the GSR? and thone of the GACT, 
a pentode, There are shown tn Figures <X and XXI re- 
spectively, Typical of medium  tricdes, the 6017 
exhibte e larce power gain in the positive erid region, 
Yor exanple, has 3 when the grid is driven fron 
plug 5° to plus 75 volte with £, = /5e » Im contrast, 
the GAC? charneteristicse show that as acon as grid 
current starts to flow Mp far, becomes leas than 1, 
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For exanple, at a arid voltage of plus 25 vol te2b +)» 
Tims, while the pank current obtainable from « triode 
is limited by the point eat which sore power is diceipie 
ted in the grid cirenit then cnn be supplied, the penk 
current from the pentede is linfted to thet cbtainable 
near zero bins, Tf a high onersy output pulse is ree 
quired, the triode would probably be chosen beenuses it 
net only has em larce value of $e over the pore 
tion of the characteriaties corresponding to the peak 
of the pulse but a large welue of 1, » 2 and a 
seni np. Ife short polee with steep sides and ree 
atively low enerzy is desired then & pentode connected 
as & triode would be used since the gu of the pentode 
ie higher, an4 there is suffietent gain for regeneration 
with transfersers of lew inductance, For even creater 
energy in the qutpnt pulse than thet afforded by the 
triode « bear power tetrode may be connected an a triode, 
Tt will handle a pulae of greater enercy becsusc of ita 
larser diestpation rating, 

No matter whet type of tube ts used the averace 
mmufncturerte gpeoifieations should not be exeseded, 
If the grid dissipation rating fe exceeded, grid enise 
sion my follow with the result that the grid recains 
positive after the mulee, The heavy ¢rid current that 
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results may destroy the tube, If the exission rating 
is exceeded lose of emission is apt to result with « 
consequent froop in the top of the pulse, 

The effect of the tube in shaping the pulse is 
brought about by the lintting setion of the tube that 
causes the quasiestable strto--sthe tempormry stable 
state that exists during the top of the pulse, If the 
quesiestable state fe brought about by a heavy arid 
eurrent where “p is high, the ease of current linite 
tng, & roctanguler current pulse #111 be preduced, | 
If the quantestable state is brought shout by voltase 
lintting«««"hottaring" of the platee-e rectangular 
voltace pulse will result, The effeet of the tube in 
producing a short er long pulse hae already been ine 
@icated in eonneetion with the transformer ratic. 

She. Befe Soubination. As previously shown in the semiq 
mathemitiosn! deserirtion of the operation, the interval 
between pulses is deterained by the value of Cg and Ree 
It me shown, too, thet if Cp ts excessively large the 
mlse ie terninated by the low froquency response of 
the trensformer---se0 CSE , Top of the Pulse, above. 
If the highest posstble ratic of pulse duration to 

time of oes ont fo11 is doeired then C, should be 

made very laree, If op ie omller it wil! deerense the 
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magnitade of the pulse and decrease the slope of the 
sides, If Cy is reduced to greet extent the pulse 
shape approsehes a sinusoid, The values of Rg and Gg 
may be selected alone with the proper tube and the transe 
former of the proper design te cive the desired output 
pulse, 


PRACTICAL CIAcurIte 

Welle the entire discussion of the design and 
operation of the single swing bloeking oscillator has 
been given with reference to a elroutt wherein plate- 
tengvtd Seothach is enpleres, thie fs not the only 
feedback method availeble, Figure ZIT iliustrates a 
cirentt uring platestossethode feodtack; Plgure XXIII, 
enthodentongrid feodteck; Figure XXIV, platesto-cathode- 
toagrid feedback, The creration of a11 of these cir~ 
eult arrancenente differ somewhat and their output wavee 
forme differ, They 4o fall within the definition of 
the single sewing blocking oselliater and are used In 
certain srecitel applications, They are shown here to 
bring ovt the elrevit wariations of the blocking ose 
eflliator, The eirevit which {s cost commonly used is 
that about which this reaper hae centered«--the plate. 
toerrid feedback clireuit, 
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APPLICA TIONG 

The extreme versatility of the nigtetevaria foad- 
taek clrevit is flivetrated in Meure XXV, Prom this 
cirevuit three trpes of ootput are evelisbie: 1) a “vole 
tage" pulse may be teken from points Py and Pp, @) 0 
current pulse, thet is, an IR drop, may be taken serose 
resietore in the priate, grid or cathode cirevits, 3) 
the selfebias voltage my be taken from Px. 

In viow of the vorenttlity of this efreutt, it 
is not surprising thet it hes found wide use, ferhape 
the most common use of this clironit is its use in the 
ordinary tolevigion reeeiver as en tapul tor 
in the defleetion voltere generator elreult, In this 
aprlicetion the free running bleeking oscillator ts 
synehreniged and producer s sharp pulse which triggers 
® wacue tube sawtooth voltege generator, This ofrenit 
is shown in Pirure XVI, 

Other apnilientions of the single swing blocking 
oseiliator are shown in Pigures ZXVII through XXX, 
While these are by no meane £11 the uses of the single 
swing blocking ozelllator they sre suffictent to set 
forth the inportance of this useful device, 


Cover vs TOR 
The qualitative explanation of the operation of 
the blocking oscllister bas been carried out from the 
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definition of the blocking oscillator a0 a feedback 
eselliator with internittent operation, Aceording 

to this definition two types of blocking onclliators 
extet, the ringle and multiple swing types, ‘The ope 
eration of the mitirle swing trope mie cualitetively 
explained ertirely br extonsion fren that of the normal 
feedback onetiiator, Also, the design of the mttple 
suing type wae elven by anelory with thet of the norsal 
feedteck orctliater, 

The explanstion of the operetion of the single 
ewing blocking oscillator ms closely related to that 
of the multiple swing tyre. But the econplete explante 
tion geuld not be given withoct resorting to simplified 
ecirowit anmlysis developed to explain experimentally 
observed facts, A theorction] analysis teased on simplie 
fiad theoreticn} mathemties (pe, 26) we elven te ine 
@icate the matheantioen) difficulties involved and the 
negessity for considering experizental revolts, 

Based primarily upon the observed save shape the 
semiaemthemntion) theory civen (pa. 83) explaine the 
operation of the single owing trpe without referenee te 
the wave shape or operstion of the multiple sawing trpe,. 
It tus completes the explanation of the operation. 

In addition, the elreult parameters which eontribnte 
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on October 51, 2927, Se graduated from high sehool at 
Forest Nill, Louisiana in 1985, In February 1986 he 
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While serving aboard the U,0,%, Tndisnapelia in the 
United States Fleet he successfully passed the entrance 
examination to the U,0. aval Aendemy and entered the 
Academy in July 1937, fe gradusted fron the Taval 
hondony in 1942 with o Bechelere Dogres in Pngineering, 
ani wae commissioned a Second Lieutenant in the Marine 
Corps, Te was subsequently promoted te the renk of 
Nn tor, | 

Tn the fall of 1941 he entered the Army Signal 
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ing in radie ané@ rader, Emerecing from “Mommenth In May 
1947 as one of the firat ten Marine officers to be 
trained in the installation, operation and saintenance 
of mtsr he me innediately aseigned oversens duty, 

Me installed and operated sucrch radars at three sepne 
rate loortions over a portod of efght nonths, end, for 
work on one of these, wr grectally commended by the 
Seeratary of Kevy, 
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In 1943 he returned to the United States and 
entered flight training in the Bavel Aviation organte 
gation, After receiving his avy wings in May 1944, he 
received further training tn operational type atreraft 
before goin overseas a9 « Marine fighter piict. Prem 
Jomary 1945 wntil April 1946 he served tn the Malew 
Telende and Okinew, | 

In Aprtl 1946 he again returned to the United 
States and ws ordered to the Mactronies Divisten, 
Bureau of Aeronautics, Navy Department and there served 
until July 1947 when he entered the Neval rosteraduate 
Sehool, Annapolis, Maryland, 

Following & year at the Bavel Postgraduate Sehool 
be wns adnitted to the Graduate School, Departnent of 
Electrical Engineering, Johns Hopkins University in 
Geptonber 1948, Se bas been & ful) tine student at the 
Jobne Hopkins fron that time to the present, Say 1950, 
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